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(57) ABSTRACT

A method for relaying a signal 1n a wireless communication
system 1s provided. The method comprises recetving in at
least one of a base station and a relay station information
regarding a mobile station group (MSG) of a mobile station,
scheduling within a given duration uplink information to be
transmitted from a first mobile station and downlink informa-
tion to be transmitted to at least one mobile station, wherein
the first mobile station 1s 1n each of the at least one mobile
station’s MSG, receiving 1n a relay station the uplink infor-
mation and the downlink information to be transmitted within
the given duration, network coding the uplink mnformation
and the downlink information 1n the relay station, and trans-
mitting from the relay station a network-coded packet,
wherein the network-coded packet can be recetved by the
base station and the at least one mobile station.

29 Claims, 13 Drawing Sheets
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MESSAGE CODING IN A RELAYED
COMMUNICATIONS NETWORK

CROSS-REFERENCE TO RELATED
APPLICATIONS

Pursuant to 35 U.S.C. §119, this application claims the
benefit of earlier filing date and rnight of prionty to U.S.
Provisional Application No. 60/972,970, filed on Sep. 17,
2007, the contents of which are hereby incorporated by ret-
erence herein in entirety.

FIELD OF ART

The present application relates to encoding of messages in
a communications network, and more particularly to network
coding of messages 1n the uplink and the downlink directions
in the same {frame, using a relay station.

BACKGROUND

In a mobile communications network, a mobile station
(MS) can communicate with a base station (BS) via a relay
station (RS). Typically, communication from the MS to the
BS takes place over an uplink (UL) channel, and communi-
cation from the BS to the MS takes place over a downlink
(DL) channel. In most time-division duplex (TDD) relay
communication protocols, an MS may transmit a message
intended for the BS to an RS 1n an UL sub-frame. The RS 1n
turn transmits the message to the BS 1n an RS UL sub-frame.
On the other hand, a BS may transmait a message intended for
the MS to the RS 1n a DL sub-frame. The RS then transmits
the message to the MS 1n an RS DL sub-frame.

The above relay scheme 1s 1netficient, because the MS or
the BS will have to schedule each of the uplink or downlink
transmissions handled by the RS 1n separate sub-frames. The
transmission throughput of a network implementing such a
scheme 1s limited due to inefficient use of bandwidth (1.e.,
separate channels need to be used for UL and DL of relayed
messages). I network coding 1s applied at the RS, the band-
width usage of a relay link can be reduced. However, the
reduction may be limited 11 the scheduling processes of UL
and DL are operated independently.

More ellicient systems and methods are desirable that can
overcome the above-noted shortcomings.

SUMMARY

The present application relates to encoding of messages in
a TDD communications network, and more particularly to
network coding of messages in the uplink and the downlink
directions 1n the same or previous frames, using a relay sta-
tion. Additional features and advantages will be set forth in
the description which follows, and 1n part will be apparent
from the description, or may be learned by practice of the
concepts disclosed herein. The objectives and other advan-
tages of the various embodiments will be realized and
attained by the structure particularly pointed out in the written
description and claims hereotf as well as the appended draw-
ngs.

A method for relaying a signal 1n a wireless communica-
tion system 1s provided. The method comprises recerving in at
least one of a base station and a relay station information
regarding a mobile station group (MSG) of a mobile station,
wherein the MSG comprises a group of neighboring mobile
stations from which the mobile station 1s capable of success-
tully recerving uplink transmissions; scheduling within a
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given duration uplink information to be transmitted from a
first mobile station and downlink information to be transmiut-
ted to at least one mobile station, wherein the first mobile
station 1s 1n each of the at least one mobile station’s MSG:
receiving 1n a relay station the uplink information transmaitted
from the first mobile station and the downlink information to
be transmitted to the at least one mobile station within the
given duration; network coding the uplink information and
the downlink information in the relay station; and transmait-
ting from the relay station a network-coded packet compris-
ing a network-coded version of the uplink information from
the first mobile station and the downlink imnformation to be
transmitted to the at least one mobile station, wherein the
network-coded packet can be recetved by the base station and
the at least one mobile station.

The information regarding the mobile station group of the
mobile station 1s recerved periodically at a BS or RS. The
information regarding the mobile station group of one mobile
station 1s received asynchronously with the reception of the
information regarding the mobile station group of another
mobile station. If a second MS overhears an MSG report from
the first MS, the second MS can include the first MS 1n the
next MSG report from the second MS. The relay station
multicasts the network-coded packet. The base station
receives the network-coded packet and recovers the uplink
information from the first mobile station. The recovery of the
uplink information from the first mobile station 1s based on
previously-transmitted downlink information and the net-
work-coded packet. Desirably, at least one mobile station
receives the network-coded packet and recovers the downlink
information. In one implementation, the recovery of the
downlink information 1s based on previously-received uplink
information from the first mobile station or previously-re-
ceived downlink information transmitted to the at least one
mobile station and the network-coded packet.

In accordance with another embodiment, a method for
relaying a signal 1n a wireless communication system com-
prises scheduling within a given duration a first uplink trans-
mission from a first mobile station and a downlink transmis-
sion transmitted to at least one mobile station, wherein the
first mobile station 1s 1 each of the at least one mobile
station’s mobile station group (MSG); receiving in a base
station the first uplink transmission from the first mobile
station; recerving 1n the at least one mobile station the down-
link transmission from the base station; receiving in a relay
station the first uplink transmission from the first mobile
station and the downlink transmission to the at least one
mobile station; decoding 1n the relay station the first uplink
transmission transmitted from the first mobile station and the
downlink transmission to the at least one mobile station;
re-encoding 1n the relay station the uplink transmission and
the downlink transmission; network coding 1n the relay sta-
tion a portion of the re-encoded uplink transmission and a
portion the re-encoded downlink transmission, wherein a net-
work-coded packet 1s generated from the portion of the re-
encoded uplink transmission and the portion the re-encoded
downlink transmission; and transmitting the network-coded
packet from the relay station, wherein the network-coded
packet can be received by the base station and the at least one
mobile station.

In one mmplementation, the portion of the re-encoded
uplink transmission 1s not already recerved by the base station
and the portion of the re-encoded downlink transmission 1s
not already received by the at least one mobile station. The
base stationrecerves from the relay station the network-coded
packet and recovers the portion of the re-encoded uplink
transmission from the first mobile station. The recovery of the
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portion of the re-encoded uplink transmission from the
mobile station 1s based on a portion of a re-encoded downlink
transmission to the at least one mobile station and the net-
work-coded packet. The base station combines the portion of
the recovered re-encoded uplink transmission from the relay
station with the recerved first uplink transmission from the
first mobile station, and possibly with other previously-recov-
ered portions of the re-encoded uplink transmission, and
decodes the combined information. At least one mobile sta-
tion receives the network-coded packet from the relay station
and recovers the portion of the re-encoded downlink trans-
mission from the base station. The recovery of the portion of
the re-encoded downlink transmission from the base station 1s
based on a first portion of a re-encoded uplink transmission
from the first mobile station and the network-coded packet.
Desirably, the at least one mobile station combines the por-
tion of the recovered re-encoded downlink transmission from
the relay station with the recerved downlink transmission
from the base station and possibly with other previously-
recovered portions of the re-encoded downlink transmission,
and decodes the combined information.

In accordance with another embodiment, a method {for
relaying a signal 1n a wireless communication system com-
prises failing to decode in a base station a recerved uplink
transmission transmitted from a first mobile station; success-
tully recerving in a second mobile station the uplink trans-
mission transmitted from the first mobile station; transmitting,
a downlink transmission from the base station to the second
mobile station, wherein the second mobile station fails to
decode the recerved downlink transmission, successiully
receiving in the first mobile station the downlink transmission
transmitted to the second mobile station; re-encoding 1n the
first mobile station the downlink transmission to the second
mobile station; generating a first portion of the re-encoded
downlink transmission; re-encoding in the second mobile
station the uplink transmission from the first mobile station;
generating a first portion of the re-encoded uplink transmis-
s1on; network coding 1n the first mobile station the first por-
tion of the re-encoded uplink transmission to be retransmitted
to the base station and the first portion of the re-encoded
downlink transmission transmitted to the second mobile sta-
tion; and transmitting a network-coded uplink retransmission
from the first mobile station comprising a network-coded
version of the first portion of the re-encoded uplink transmis-
s10n to be retransmitted to the base station and the first portion
ol the re-encoded downlink transmission transmitted to the
second mobile station, wherein the network-coded uplink
retransmission can be received by the base station and the
second mobile station.

The base station receitves the network-coded uplink
retransmission packet from the first mobile station and recov-
ers the first portion of the re-encoded uplink transmission
retransmitted from the first mobile station. The base station
combines the first portion of the recovered re-encoded uplink
transmission from the first mobile station with the received
uplink transmission from the first mobile station, and possibly
with other previously-recovered portions of the re-encoded
uplink transmission, and decodes the combined information.
The second mobile station recerves the network-coded uplink
retransmission packet from the first mobile station and recov-
ers the first portion of the re-encoded downlink transmission.

The second mobile station combines the first portion of the
recovered re-encoded downlink transmission with the

recetved downlink transmission from the base station, and

possibly with other previously-recovered portions of the re-
encoded downlink transmission, and decodes the combined
information.
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It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the claimed subject matter and
are incorporated 1n and constitute a part of this specification,
illustrate various embodiments together with the description
serve to explain the recited principles. Different features,
clements, and aspects that are referenced by the same numer-
als 1n different figures represent the same, equivalent, or
similar features, elements, or aspects 1n accordance with one
or more embodiments.

FIG. 1 illustrates an exemplary communication environ-
ment 1n accordance with one embodiment wherein a plurality
of MSs are members of an MS group.

FIG. 2A illustrates an exemplary communication environ-
ment 1n accordance with one embodiment 1n which BS sched-
ules a UL packet and a DL packet 1n the same frame.

FIG. 2B illustrates an exemplary communication environ-
ment 1n accordance with one embodiment 1n which the BS or
MS recovers a message from a received frame using an XOR
operation.

FIG. 3 illustrates an exemplary frame structure for sched-
uling the transmission of a UL message and a DL message
over a common NC sub-frame, 1n accordance with one
embodiment.

FIG. 4 illustrates an exemplary communication environ-
ment 1 accordance with one embodiment 1n which a UL and
a DL message are multicasted to the intended destinations,
cach over an NC sub-frame.

FIGS. 5§, 6 and 7 illustrate an exemplary communication
environment 1n accordance with one embodiment in which
lost messages are recoverable using a first recovery scheme.

FIGS. 8A and 8B illustrate an exemplary communication
environment 1n accordance with one embodiment 1n which a
neighboring sector’s uplink retransmission may be used for
downlink interference cancellation.

FIGS. 9, 10 and 11 illustrate another exemplary commu-
nication environment 1n accordance with one embodiment in
which lost messages are recoverable using a second recovery
scheme.

L1

DETAILED DESCRIPTION OF EXAMPL.
EMBODIMENTS

Referring to FIG. 1, an exemplary communication envi-
ronment in accordance with one embodiment comprises at
least one base station (BS) and relay station (RS) and a plu-
rality of mobile stations (MSs) (e.g., MS1, MS2, MS3). Each
MS may be a member of one or more MS groups. For
example, MS1, MS2 and MS3 maintain three separate MS
groups (e.g., MSG1, MSG2, MSG3, respectively). As 1llus-
trated, however, depending on geographic location and prox-
imity of the MSs together, at a certain window of time the
three MSs may fall within the perimeter of a single MS group
such as MSG2.

The BS and RS may receive information regarding the MS
group (MSG) of an MS. Preferably, the MSG comprises a
group of neighboring MSs from which an MS 1s capable of
successiully recerving uplink transmissions. The information
regarding the MSG of the MS may be recerved periodically.
Moreover, the information regarding the MSG of one MS
may be recerved asynchronously with the reception of the
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information regarding the MSG of another MS. If an MS2
overhears an MSG report from the MS1, the MS2 can include
the MS1 in the next MSG report from MS2.

In accordance with one embodiment, information regard-
ing the MSG of an MS may affect transmission scheduling.
This 1s because a BS scheduler may prefer to pair an uplink
transmission from an MS 1n an MSG where a BS has a
scheduled downlink transmission to take advantage of the
benefits of network coding.

Referring to FIG. 2A, MS1 or MS2 can communicate with
the BS by way ofthe RS. That 1s, MS1, for example, transmits
a message UL_MSI1 over a UL channel to the BS, and the RS
will in turn transmit the received UL_MS1 message. On the
other end, the BS may transmit a message DL._MS2 intended
for MS2 to the RS over the DL channel, and the RS will in turn
transmit the received DL_MS2 message to MS2. In accor-
dance with one embodiment, the BS or the RS schedules both
the UL and the DL ftransmissions (1.e., UL_MS1 and
DL_MS2) discussed above within a predetermined duration,
or 1n the same frame, to take advantage of network coding
(NC) at the RS.

In one embodiment, the RS does not send messages to the
BS and MS2 separately. Instead, the UL_MS1 message and
the DL_MS2 message are network coded 1n the RS. Accord-
ingly, the relay station may transmait a network-coded packet
comprising a network-coded version of the UL_MS1 mes-
sage and the DL._MS2 message, wherein the network-coded
packet may be recerved by both the BS and MS2. The relay
station may transmit the network-coded packet by multicast-
ing. Preferably, the relay station applies an “exclusive or”
(XOR) operation to the UL_MS1 message and the DL._MS2
message to enable the BS or MS2 to recover the message it 1s
intended to receive.

Accordingly, by network coding uplink and downlink
transmissions in the relay station, and applying an XOR
operation thereto, a major benefit 1s realized. For example,
bandwidth consumption by the relay station 1s significantly
reduced because one resource for the relay 1s used instead of
two.

Referring to FIG. 2B, when the BS receives the network-
coded packet, the BS may recover the UL_MS1 message by
utilizing previously-transmitted downlink information, such
as the DL_MS2 message, in an XOR operation. Similarly,
when MS2 recerves the network-coded packet, MS2 may
recover the DL_MS2 message by utilizing uplink informa-
tion from MS1 previously recerved by MS2, such as the
UL_MS1 message, or previously-recerved downlink infor-
mation, i an XOR operation. MS2 may send an acknowl-
edgment signal (ACK) to the RS that it has received the
UL_MS1 message intended for the BS prior to network cod-
ing occurring in the RS.

A frame or sub-frame refers to a period of time 1n which
data packets of fixed or variable length which has been
encoded by a data link layer communications protocol can be
scheduled and transmitted over a node-to-node link. Each
frame or sub-frame may comprise a header for frame syn-
chronization, scheduling information (resource assignment)
and payload (1.e., the actual data). As shown 1 FIG. 3, an
exemplary frame structure according to one implementation
comprises a preamble, a map, a DL sub-frame, a UL sub-
frame and a NC sub-frame. The map portion of the frame
comprises the mformation used by RS to construct an NC
sub-frame from the DL and UL sub-irames, so that desirably
both UL, MS1 and DI. MS2 are scheduled to be transmitted
to the RS within a certain duration such that the RS would be
able to pair the two packets and apply network coding without
buifering one of the packets for a long period of time.
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Retferring to FIGS. 3 and 4, the RS constructs an NC
sub-frame from sub-frames including the UL_MS1 and
DIL_MS2, according to the mapping information included 1n
the frame. RS then multicasts the NC version of UL, MS1 and
DL_MS2 to the respective destination for each message over
the NC sub-frame. For example, in the NC sub-frame
UL_MS1 1s transmitted to the BS by the RS and DL_MS2 1s
transmitted to MS2 by the RS over the same air link resources.
In certain embodiments, a retransmission scheme 1s 1mple-
mented 1n case one of the messages 1s not recerved by the
intended recipient (e.g., a MS or a BS).

In accordance with one embodiment, a cooperative relay
operation 1s supported. To support cooperative relay, the RS
does not transmit a separated coded PHY packet in an NC
sub-frame to be independently decoded before a recovery
procedure occurs at a recerving side (BS or MS). Instead, the
RS re-encodes uplink and downlink packets it has received,
and transmits the XOR of the parity bits. The BS or MS may
then use its own locally-stored parity bits (e.g. generated
when encoding the packet transmitted to the RS) to
descramble (XOR) the recerved network-coded packet to
recover the parity bits, and decode the packets. Preferably, the
receiving side (BS or MS) combines information from both
the source (MS or BS) and RS (after descrambling) to decode
a packet. Accordingly, cooperative relay with reduced RS
bandwidth consumption 1s realized.

In one aspect of the cooperative relay operation, incremen-
tal redundancy occurs at a receiving side. The RS re-encodes
both the UL and DL packet, network codes (XOR) the parity
bits generated by re-encodings, and transmits the network-
coded parity bits. The BS or MS will continue to decode as
these network-coded parity bits are recerved and descrambled
until the entire packet 1s decoded. Moreover, as stated above,
the recerving side may combine mformation from both the
source and RS to decode a packet. Thus, for example, 11 the
MS cannot immediately decode a group of encoded bits
received from the BS, the MS may in the NC sub-frame
recetve network-coded bits from the RS, and thereafter
descramble the network-coded parity bits and decode after
combining all bits received from the RS and BS together. As
such, the MS may incrementally collect bits 1n order to
decode a packet.

In another aspect of the cooperative relay operation, sizes
of information bits of an uplink packet and a downlink packet
may not be the same. By applying network coding after
channel coding as stated above, the RS can transmit a net-
work-coded packet on the NC sub-frame with the same num-
ber of encoded bits for both directions. With this approach,
bandwidth consumption 1s reduced by network coding with-
out restricting the sizes ol information bits of the UL/DL
packets, and packet formats (code rate 1n channel coding)
remain the same.

Referring to FIG. 5, 1n an exemplary scenario, MS2 may
fail to decode a message transmitted to MS2 from the BS
(e.g., MS2 failed to decode DL_MS2 (1)). MS1 and MS2 are
members of each other’s MSG. MS1 may receive DL_MS2
(1) intended for MS2, 1t MSI1 1s positioned 1n a relatively
better reception area 1n relation to the BS 1n contrast to MS2.

Still referring to FI1G. 5, 1n the same scenario, BS may also

fail to decode a message transmitted to the BS from MS1
(e.g., BS failed to decode UL_MS1(1)). Again, 1if MS1 and

MS2 are 1n each other’s MSG, UL_MS1(1) intended for the
BS may be decoded by MS2. Depending on implementation,
MS1 may not have mformation about whether MS2 has
decoded UL_MS1(1).

Referring to FIG. 6, 1n the above exemplary scenarios, if it
1s determined that BS has failed to decode UL_MS(1), then
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MS1 may be requested to re-encode DL_MS2(1) and gener-
ate a DL second sub-packet DL._MS2(2) and transmut 1t with
an UL second sub-packet UL_MS1(2) by network coding.
Further, MS2 may be requested to re-encode UL_MS1(1) and
generate a second sub-packet UL_MS1(2). MS2 may then
receive the network-coded packet of DL_MS2(2) and
UL_MS1(2), and try to recover DL_MS2(2) using an XOR
operation, for example.

Referring to FIG. 6, MS2 may use information received
over the NC sub-frame (e.g., the second sub-packet DL_MS2
(2) 1n combination with UL_MS1(2)) and use that informa-
tion 1n an XOR operation to recover DL_MS1(2). MS2 thus
may try to decode UL_MS1(1) again. Similar operations at
BS are depicted 1n FIG. 7.

In accordance with one embodiment of the present inven-
tion, a neighboring sector’s uplink H-ARQ retransmission
can be used for downlink interference cancellation. Referring
to FIG. 8A, MS2 belonging to a sector of BS2 1s scheduled to
receive a DL MS2. However, MS2 receives downlink inter-
terence from BS1 of a neighboring sector, and therefore can-
not decode DL_MS2. Meanwhile, MS1 of the neighboring
sector transmits UL_MS1(1) to BS1. However, BS1 cannot
decode UL_MS1(1) also due to the downlink interference
from BS1.

Accordingly, referring to FIG. 8B, MS1 retransmits a
packet comprising an XOR of an interfering packet and the
2nd sub-packet of UL_MS1, UL_MS1(2), 1n order for BS1 to
be able to decode UL_MSI1(1). Consequently, MS2 may
receive the retransmitted packet containing the interfering
packet. As such, MS2 may recover the interfering packet and
use 1t for interterence cancellation to decode DI. MS2.

Referring to FIG. 9, another exemplary scenario 1s pro-
vided 1n which BS transmits DL_MS2(1) to MS2, and MS2
transmits a message (1., MS2_MSI1(1)), designated for
delivery to MS1 1n the same sector, to the BS. MS2 may fail
to decode DL_MS2(1) transmitted by the BS. If MS1 is1n a
better reception area, then MS1 may decode DL_MS2(1)
intended for the MS2 because MSI1 1s closer to BS. As 1llus-
trated in FIG. 10, MS1 may re-encode DL_MS2 and generate
DL_MS2(2). BS can transmit a network-coded packet by
applying an XOR operation to DL_MS2(2) and MS2_MSI1
(1). MS1 may recover MS2_MS1(1) from the network-coded
packet by descrambling the network coded packet with
DL_MS2(2).

Referring to FIG. 11, BS can transmit a network-coded
packet by applying an XOR operation to DL_MS2(2) and
MS2_MS1(1). Thus, MS2 upon recerving the network-coded
packet will attempt to recover DL._MS2(2) by descrambling,
the network-coded packet with MS2-MS1(1). An XOR
operation may be utilized by MS2 to dertve DL_MS2(2) from
the information 1included 1n the network-coded packet.

The foregoing embodiments and advantages are merely
exemplary and are not to be construed as limiting the scope of
the claims. The present teaching can be readily applied to
other types of apparatuses. The description 1s intended to be
illustrative, and not to limit the scope of the claims. Many
alternatives, modifications, and variations will be apparent to
those skilled i the art. In the claims, means-plus-function
clauses are intended to cover the structure described herein as
performing the recited function and not only structural
equivalents but also equivalent structures.

What 1s claimed 1s:

1. A method for relaying a signal in a wireless communi-
cation system, the method comprising:

receiving 1n at least one of a base station and a relay station

information regarding a mobile station group (MSG) of
a mobile station, wherein the MSG comprises a group of
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neighboring mobile stations from which the mobile sta-
tion 1s capable of successiully recerving uplink trans-
missions;

scheduling within a given duration uplink information to
be transmitted from a first mobile station and downlink
information to be transmitted to at least one mobile
station, wherein the first mobile station 1s 1n each of the
at least one mobile station’s MSG;

receving 1n a relay station the uplink information trans-
mitted from the first mobile station and the downlink
information to be transmitted to the at least one mobile
station within the given duration;

network coding the uplink information and the downlink
information in the relay station by applying an exclu-
stve-or (XOR) operation to a network-coded packet
including the uplink information and the downlink infor-
mation; and

transmitting from the relay station the network-coded
packet comprising a network-coded version of the
uplink information from the first mobile station and the
downlink imnformation to be transmitted to the at least
one mobile station, wherein the network-coded packet
can be recerved by the base station and the at least one
mobile station.

2. The method of claim 1, wherein the relay station 1s a

mobile station.
3. The method of claim 1, wherein one of the at least one

mobile stations 1s a relay station.
4. The method of claim 1, wherein the first mobile station
1s a relay station.
5. The method of claim 1, wherein the first mobile station
1s one of the at least one mobile stations.
6. The method of claim 1, wherein the information regard-
ing the mobile station group of the mobile station 1s recerved
periodically.
7. The method of claim 1, wherein the information regard-
ing the mobile station group of one mobile station 1s recerved
asynchronously with the reception of the information regard-
ing the mobile station group of another mobile station.
8. The method of claim 1, wherein the relay station multi-
casts the network-coded packet.
9. The method of claim 1, wherein the base station receives
the network-coded packet and recovers the uplink informa-
tion from the first mobile station.
10. The method of claim 9, wherein the recovery of the
uplink mnformation from the first mobile station 1s based on
previously-transmitted downlink information and the net-
work-coded packet.
11. The method of claim 1, wherein the at least one mobile
station receives the network-coded packet and recovers the
downlink information.
12. The method of claim 11, wherein the recovery of the
downlink information 1s based on previously-received uplink
information from the first mobile station and the network-
coded packet.
13. A method for relaying a signal in a wireless communi-
cation system, the method comprising:
scheduling within a given duration a first uplink transmis-
sion from a first mobile station and a downlink transmis-
sion transmitted to at least one mobile station, wherein
the first mobile station 1s 1n each of the at least one
mobile station’s mobile station group (MSG);

receving 1n a base station the first uplink transmission
from the first mobile station;

receving 1n the at least one mobile station the downlink

transmission from the base station;
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receiving in a relay station the first uplink transmission
from the first mobile station and the downlink transmis-
sion to the at least one mobile station;
decoding 1n the relay station the first uplink transmission
transmitted from the first mobile station and the down-
link transmission to the at least one mobile station;

re-encoding 1n the relay station the uplink transmission and
the downlink transmission;

network coding in the relay station a portion of the re-

encoded uplink transmission and a portion the re-en-
coded downlink transmission, wherein a network-coded
packet 1s generated from the portion of the re-encoded
uplink transmission and the portion the re-encoded
downlink transmission; and

transmitting the network-coded packet from the relay sta-

tion, wherein the network-coded packet can be received
by the base station and the at least one mobile station.

14. The method of claim 13, wherein the portion of the
re-encoded uplink transmission 1s not already recerved by the
base station and the portion of the re-encoded downlink trans-
mission 1s not already received by the at least one mobile
station.

15. The method of claim 13, wherein the base station
receives from the relay station the network-coded packet and
recovers the portion of the re-encoded uplink transmission
from the first mobile station.

16. The method of claim 135, wherein the recovery of the
portion of the re-encoded uplink transmission from the
mobile station 1s based on a portion of a re-encoded downlink
transmission to the at least one mobile station and the net-
work-coded packet.

17. The method of claim 15, wherein the base station
combines the portion of the recovered re-encoded uplink
transmission from the relay station with the received first
uplink transmission from the first mobile station, and possibly
with other previously-recovered portions of the re-encoded
uplink transmission, and decodes the combined information.

18. The method of claim 13, wherein the at least one mobile
station receives the network-coded packet from the relay
station and recovers the portion of the re-encoded downlink
transmission from the base station.

19. The method of claim 18, wherein the recovery of the
portion of the re-encoded downlink transmission from the
base station 1s based on a first portion of a re-encoded uplink
transmission from the first mobile station and the network-
coded packet.

20. The method of claim 18, wherein the at least one mobile
station combines the portion of the recovered re-encoded
downlink transmission from the relay station with the
recetved downlink transmission from the base station, and
possibly with other previously-recovered portions of the re-
encoded downlink transmission, and decodes the combined
information.

21. The method of claim 18, wherein the at least one mobile
station:

receives the first uplink transmission from the first mobile

station;

decodes the first uplink transmission transmitted from the

first mobile station

re-encodes the uplink transmission; and

generates the first portion of the re-encoded uplink trans-

miss1on.

10

15

20

25

30

35

40

45

50

55

60

10

22. The method of claim 13, wherein one of the at least one
mobile stations 1s a relay station.

23. The method of claim 13, wherein the first mobile sta-
tion 1s a relay station.

24. The method of claim 13, wherein the first mobile sta-
tion 1s one of the at least one mobile stations.

25. A method for relaying a signal 1n a wireless communi-
cation system, the method comprising:

failing to decode 1n a base station a recerved uplink trans-

mission transmitted from a first mobile station:
successtully recerving 1n a second mobile station the uplink
transmission transmitted from the first mobile station:
transmitting a downlink transmission from the base station
to the second mobile station, wherein the second mobile
station fails to decode the received downlink transmis-
s101;
successtully receiving in the first mobile station the down-
link transmission transmitted to the second mobile sta-
tion;

re-encoding in the first mobile station the downlink trans-

mission to the second mobile station:

generating a first portion of the re-encoded downlink trans-

mission;

re-encoding in the second mobile station the uplink trans-

mission from the first mobile station;

generating a first portion of the re-encoded uplink trans-

mission;

network coding 1n the first mobile station the first portion of

the re-encoded uplink transmission to be retransmitted
to the base station and the first portion of the re-encoded
downlink transmission transmitted to the second mobile
station; and

transmitting a network-coded uplink retransmission from

the first mobile station comprising a network-coded ver-
sion of the first portion of the re-encoded uplink trans-
mission to be retransmitted to the base station and the
first portion of the re-encoded downlink transmission
transmitted to the second mobile station, wherein the
network-coded uplink retransmission can be recerved by
the base station and the second mobile station.

26. The method of claim 25, wherein the base station
receives the network-coded uplink retransmission packet
from the first mobile station and recovers the first portion of
the re-encoded uplink transmission retransmitted from the
first mobile station.

27. The method of claim 26, wherein the base station
combines the first portion of the recovered re-encoded uplink
transmission from the first mobile station with the received
uplink transmission from the first mobile station, and possibly
with other previously-recovered portions of the re-encoded
uplink transmission, and decodes the combined information.

28. The method of claim 25, wherein the second mobile
station receives the network-coded uplink retransmission
packet from the first mobile station and recovers the first
portion of the re-encoded downlink transmaission.

29. The method of claim 28, wherein the second mobile
station combines the first portion of the recovered re-encoded
downlink transmission with the recerved downlink transmis-
s1on from the base station and possibly with other previously-
recovered portions of the re-encoded downlink transmission,
and decodes the combined information.
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